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Moaudukayms LemeHTHOro 6eToHa KOMNNEKCHbIMM
f06aBKamu Ha ocHoBe 3chupoB nonukapbokcunara,
yrnepoaHbIX HAHOTPYOOK U MUKPOKpPEeMHe3ema

lprMeHeHNe KOMMNEKCHbIX MOAMMUKATOPOB HA OCHOBE NOANKAPOOKCUAATHBIX NNACTU(MKATOPOB 1 YINePOAHbIX HAHOCTPYKTYP NpuobpeTaeT Bce
60NbLUYH NONYNSPHOCTb B COBPEMEHHOM MaTepuanoBeAeHni. B paboTe npecTaBneHo BAMSHNE KOMMEKCHbIX 406aBOK Ha PeoNnornyeckue
XapaKTepUCTUKM LIEMEHTHOrO TecTa U (PU3NKO-MeXaHU4ecKne XapakTepucTUKN TsHKeNoro 6eToHa. YctaHoBneHo, 4to moandukarop DC-5 Ha ocHoBe
nonukap6okcunara 061aaaeT CyLIeCTBEHHbIM MNACTUULMPYIOLLMM 3(PDEKTOM — CHUKEHMEM BS3KOCTI LEMEHTHOrO TecTa Ha 48%. MpumeHeHne
9TON A06ABKM UHTEHCMUUMPYET rnapataLmMio NOPTAAHALEMEHT], YIIOTHEHNE CTPYKTYPbI LIEMEHTHON MaTpuLbl B 6ETOHE, CMOCOBCTBYS TEM CaMbIM
MOBbILLEHUI) MPOYHOCTY LEEMEHTHOrO 6eTOHA. Hann4yme MHOrOCNOMHBIX YrNepoaHbIX HAHOTPY6OK B cocTaBe Ao6asku DC-5 cnoco6CTBYET nyyiuemy
YNOTHEHWIO CTPYKTYPbI LLEMEHTHOr0 6€TOHa, 0[iHAKO HeJ0CTaTO4HOE AMUCneprnpoBaHne HaHoTPY6OK B cpefe KapboKcunata 1 HEOAHOPOAHOCTb MX
pacnpefenexns B COCTaBe LIEMEHTHOI MaTPULbl CHXKAIOT UX 3G EKTUBHOCTb.

KnioyeBble cnoBa: 6eTOH, LLEMEHTHOE TECTO, KOMMNEKCHBIIA MO,[I,I/ICbI/IKaTOp, YrMepoAHble HAHOCTPYKTYPLI, PEOSIOrMYECKIUE CBOMCTBA.

E.A. KARPOVA', Master Student, ALI ELSAED MOHAMED', Ph. D. Student; G. SKRIPKIUNAS?, Professor; Ja. KERIENE?, Doctor of Sciences (Engineering);
A. KICAITE2, Assoc. Prof; G.I. YAKOVLEV', Doctor of Sciences (Engineering) (jakowlew@udm.net); M. MACIJAUSKAS?, Ph. D. Student,

I.A. PUDOV', Candidate of Sciences (Engineering); E.V. ALIEV', Candidate of Sciences (Engineering), S.A. SEN’KOV3, Candidate of Sciences (Engineering)
' Kalashnikov Izhevsk State Technical University (7, Studencheskaya Street, Izhevsk, 426069, Russian Federation)

2 Gediminas Vilnius Technical University (11, Saulétekio al., LT-10223, Vilnius, Lithuania)

8 Perm State National Research Polytechnic University (29, Komsomolskiy Avenue, Perm, 614990, Russian Federation)

Modification of Cement Concrete by use of Complex Additives Based on the Polycarboxylate Ether,

Carbon Nanotubes and Microsilica

The use of complex modifiers based on polycarboxylate plasticizers and carbon nanostructures is becoming increasingly popular in modern materials science. The influence of complex
additives on the rheological characteristics of cement paste and as well on the physico-mechanical characteristics of heavy concrete is described in this paper. The presence of multi-
walled carbon nanotubes in DC-5 additive contributes to better compaction of the concrete structures, but insufficient dispersing of nanotubes in the carboxylate medium and the het-

erogeneity of their distribution in the cement matrix reduce their effectiveness. Using the complex additive with DC-5 and MS-85 microsilica results in additional compaction of the
cement matrix structure with calcium hydrosilicates, thus improving the mechanical properties of the modified concrete.

Keywords: concrete, cement paste, complex modifier, carbon nanostructures, rheological properties.

[Monyyenue 6eToHa HOBOTO MOKOJIEHUS C YIydIllIeHHbI-
MM DUBMKO-TEXHUUECKUMHU M IKCILTyaTallMOHHBIMU TT0Ka-
3aTeIsIMU He TIPEACTABISIETCS BO3MOXHBIM 06€3 MpUMeHe-
HUS pa3IndHOro poja 106aBoK. COBpeMEHHOE CTPOUTEIb-
HOE MPOU3BOJICTBO pacrojiaraeT LIUPOKUM CIIEKTPOM 100a-
BOK B O€TOHBI, KOTOPBIE MO3BOJISIIOT OKa3bIBaTh BIMSIHUE HA
MMOJABMXXHOCTh CMECEN, PeryIupoBaTh BO3AYXOBOBJICUEHUE,
CPOKM CXBaThIBAHMSI M TBEPACHUSI, TTOBHIIIATh CTOMKOCTD K
Pa3IMYHBIM arpecCUBHBIM CpeliaM U T. TI.

JlocTaTouHO NMOMYJISIPHBIM HaMpaBjieHUEM B MCCJIeI0Ba-
HUSIX KaK POCCUMCKUX, TAK U 3apYOEKHbBIX aBTOPOB SIBJISICT-
cs paboTa ¢ pa3IMYHbBIMUA TUTIAMU T1ACTUGDUITMPYIOIIUX 10~
0aBOK, KOTOpbIE B CBOIO OYEPEb CITIOCOOHBI OKa3bIBATh CY-
IIECTBEHHOE BJIUSHUE Ha PEOJOTMYecKre U (PU3NKO-Mexa-
HUYECKHUe XapaKTepUCTUKKU 0eToHOB [1—3].

C KaxIbIM rofIoM Bce 6oJiee IMPOKOe MPUMEHEHUE Cpe-
ITY TIACTUGULIMPYIOIIUX MPUOOPETAIOT 10OABKM HAa OCHOBE
3¢hupoB TMoaukapookcuiara. JJaHHbINA TUTT TUIACTU(DUKATO-
POB OTJIMYAETCS OT IPUMEHSIEMbIX paHee B3aMOJeCTBUEM
CHJT TIPOCTPAHCTBEHHOTO U 3JIEKTPOCTATUYECKOTO OTTaJIKH-
BaHMs B IIpoliecce UX paOOoTHI.

B xone uccrnenoBaHuit [4—6] GbUIO YCTAHOBJIEHO, YTO
BBeJeHUE MJIaCTU(HDUKATOPOB HA OCHOBE MoJMKapOoKcuiaTa
IMO3BOJISIET TTIOBBICUTh PAHHIOK MPOYHOCTh O€TOHA, 3HAYU-

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Producing the next generation concrete with the im-
proved physical, technical and performance properties is not
possible without using various types of additives. Modern
construction operation has a wide range of additives for con-
crete, which were found to influence the flow ability of mor-
tars, regulate air entrainment, the setting and curing time,
increase the resistance to aggressive media, etc.

Avery popular trend in studies of both Russian and foreign
authors is to work with various types of plasticizing additives,
which are able to exert significant influence on the rheological
and physical and mechanical properties of concrete [1—3].

Every year additives based on polycarboxylate ether are
becoming more widespread among plasticizing additives.
This type of plasticizers is different from those used earlier
due to the interaction of forces of spatial and electrostatic
repulsion in the process of their work.

Studies [4—6] have found that adding polycarboxylate-
based plasticizers can improve the early strength of concrete,
significantly reduce the consumption of cement and mixing
water with a small amount of additive, which in its turn
makes it possible to produce high strength, high quality, and
self-compacting concretes.

However, plasticizers based on polycarboxylate are quite
expensive [7, 8], and their use can lead to a significant in-
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TEJIbHO CHM3UTb PACXOJ BOIBI 3aTBOPEHUS U LIEMEHTA TIpU
HeOOJIBIIIOM KOJIMYECTBE BBOJMMOI 100aBKM, UTO B CBOIO
ouepenb JeJaeT BOBMOXHBIM M3TOTOBJIEHUE BBICOKOIPOY-
HBIX, BBICOKOKAQUE€CTBEHHBIX,  TAKXKE CAMOYTLIOTHSIIOLIUXCSI
OETOHOB.

OnHako TutacTU(UKaTOPhl Ha OCHOBE IOJIMKAapOOKCH-
JIaTa JOCTATOYHO Aoporu [7, 8], UX MCIIOJb30BAHUE MOXKET
MPYBECTH K CYLIECTBEHHOMY YBEJINIEHUIO CTOUMOCTH T'OTO-
BOIi MpoAyKLMK. UMEeHHO O3TOMY B HACTOSIIIEE BpEMSI MC-
cienoBaTeIsSIMU BeIeTCsl paboTa MO CO3[aHUI0 KOMILIEKC-
HBIX MOIM(PUKATOPOB Ha OCHOBE 3upa MoJIMKapOOKCHIa-
Tta. Ha cerogHsHUI JeHb CyIIECTBYET psifi paboT, IMOMI-
TBepXKIaonmx 3(PdEeKT OT COBMECTHOTO AEUCTBUS ITOJIM-
KapOOKCWJIATHOIO IIacTU(dUKATOpa U YIJIEPOAHBIX HAaHO-
cTpykTyp [9, 10].

Takum ob6pa3om, pa3paboTKa KOMILUIEKCHBIX MOAUGU-
KaTOpOB Ha OCHOBE ITOJIMKApPOOKCUIIATHBIX TTACTU(hUKATO-
POB B COUYETAaHUMU C YIJIEPOAHBIMU HAHOCTPYKTYpaMU SIBJISI-
€TCSl aKTyaJIbHOM 3amaveil IUIsi COBpEMEHHOTO MaTepuao-
BeACHUSI.

B paMkax n1aHHOTO MCCeN0BaHMS TPOBOAWINCH dKCIIe-
DPHIMEHTBI IO OLIEHKE BJIMSIHUSI KOMILJIEKCHBIX 100OaBOK Ha
peoJIornYecKre CBOMCTBA LIEMEHTHOTO TeCTa, a TaKXKe Olle-
HUBAJIOCh BIIMSIHUE 100aBOK Ha (PU3UKO-MEXaHUYECKUE MO~
Ka3aTeJIM TSKEJIOro 6eTOHa.

Hanee mpenctaBieHbl XapaKTEPUCTUKU HCCIAEAYEMBIX
JI00aBOK.

IMonukap6okcunaTtHbiii [TAB (3¢pup nonukapbokcuia-
Ta), ToproBoif Mapku Ethacryl HF (®panums) mpencrapisi-
eT co0oii OECIIBETHYIO WM OJIeTHO-OPaHXEBOTO 11BETa BSI3-
KYI0 XHIIKocTb ¢ pH=3,7, miotHocThIO — 1,06 T/cM>, KOTO-
past XopoIllo pacTBOPSIETCS B BOAHOM Cpejie U MaJlopacTBO-
puma B pactBopuressax (I'TT).

DC-5 (TY 2493-001-68708012—2014) — BsA3Kast 5KUIKOCTb
YepHOTO 1IBETA C YAEIBbHOI IIoTHOCThIo 1,08—1,1 1/cM?, B co-
CTaB KOTOPOW BXOOUT TPM KOMIIOHEHTA: MOJMKApOOKCHIIAT-
Hoe ITAB — 89%, KOHLEHTpAT YIJIEPOAHBIX HAHOTPYOOK
(YHT) — 10%, nenoHorerHoe ITAB — 1%.

MuxkpokpemHeseM MK-85 BBomuics B cocTaB O€TOH-
HOI CMECH COBMECTHO C KPYITHBIM U MEJIKUM 3aIlOJIHUTEe-
JIIMU Y TIOPTJAHAIIEMEHTOM, KOTO-
pble TpenBapUTEJbHO THIATEIbHO

crease of the cost of a finished product. This is the reason why
now researchers are working at creating complex modifiers
based on polycarboxylate ether. Today, there are a number of
studies that confirm the effect of the combined action of
polycarboxylate plasticiser and carbon nanostructures [9, 10].

Thus, the development of complex modifiers based on
polycarboxylate plasticizers in combination with carbon
nanostructures is an important task for modern materials
science.

In this study, the experiments have been conducted to
assess the impact of complex additives on the rheological
properties of cement paste, as well as the effect of additives on
the physical and mechanical properties of heavy concrete.

The effect of additives described below has been investi-
gated.

Polycarboxylate surfactant (polycarboxylate ether),
Ethacryl HF (France), is a colorless or pale orange, viscous
liquid with pH=3,7, density — 1,06 g/cm?, which is highly
soluble in water and slightly soluble in solvents.

DC-5, a viscous black liquid with the specific gravity of
1,08—1,1 g/cm?® with three components: polycarboxylate
surfactant — 89%, concentrate of carbon nanotubes (CNT)
— 10%, nonionic surfactant — 1% (TS 2493-001-68708012—
2014).

MC-85 microsilica was added to the concrete mix, to-
gether with coarse and fine aggregates and Portland cement
which had been thoroughly mixed in the dry state.
Superplasticizer and DC-5 additive were added together with
the mixing water.

To study the rheological properties the binder used was
CEM 142.5R cement (Heidelberg Cement Group) produced
in accordance with EN-197.

The cement paste with a constant W/C=0,35 was pro-
duced on the basis of this binder and DC-5 additive which
was added at the amount of 0,05; 0,075; 0,1; 0,2; 0,4; 0,6;
0,8% (from the mass of the cement). The additive was added
to the mixing water, where it has been stirred manually be-
fore being added to the cement. The mixture components
were being stirred mechanically with a mixer for 120 sec-
onds at a high speed.

After being stirred the cement paste was

e placed into a plastic container and kept at the

MepeMeIIMBaJIUCh B CYXOM COCTOSI-
Huu. ['uneprutactudukatop U a0- 1
6aBka DC-5 BBOAMINCH COBMECTHO C
BOJIO#1 3aTBOpEHUSI.

Jnst m3ydyeHUs] PeoJIOrnYecKux

temperature of 20£2°C and the relative hu-
midity of not less than 65%. Before the test-
ing, the mixture has been stirred manually
with a rheometer.

The rheological properties of the cement

CBOWMCTB B KaueCTBE BSDKYIIETO OBLI
HCITOJIb30BaH IIEMEHT MapKu
CEM 1 42.5R (Heidelberg Cement
Group), MPOU3BOIUMBIM B COOTBET-
ctBuu ¢ EN-197.

Ha ocHoBe naHHOro BsIXylllero u
no6aBku DC-5, BBoguMoil B Kommde-
cree 0,05; 0,075; 0,1; 0,2; 0,4; 0,6;
0,8% (or maccel lLieMeHTa), TOTOBHU-
JIOCh LIEMEHTHOE T€CTO C MOCTOSIHHBIM
B/11=0,35. Ilo6aBKa BBOAUJIACH B BOAY
3aTBOPEHMSI, T€ TMPeABAPUTEIIBHO TTe-
peMeIBaiach Bpy9HYIO 10 MOMEHTA
BBeZICHUS B LieMeHT. [lepemeinmnBanue
KOMIIOHEHTOB CMECHU TPOU3BOIMIOCH
MEXaHUYEeCKM C TTOMOIIBIO MUKCepa B
teyeHue 120 ¢ Ha BBICOKOI CKOPOCTH.

paste were tested at the different time after the
start of stirring — 5, 30, 60, 90, 120 minutes.
The experiment was conducted using
RHEOTEST RN 4.1 rheometer with coaxial
cylinders at the temperature and humidity
mentioned above.

The mixture was placed in a testing cylin-
der shown in Fig. 1. The studied mixture was
subjected to a shear in an annular gap between
the rotating inner cylinder and the stationary
outer cylinder.

RHEOTEST RN 4.1 rheometer is con-
trolled by a personal computer, the test data is
recorded by an operator. The software pro-
vides the processing of the obtained results in
accordance with one or another rheological
model to get the graphs and diagrams required

LlemeHTHOE TecTo mocie nepemMe- 8

[IMBaHUS TIOMENIAIOCh B IUIACTUKO-
BYIO Tapy M BBIIEPKUBAIOCH ITPU TEM-
neparype 20+2°C ¥ OTHOCHUTEJIbHOI
BJIaXXHOCTU He MeHee 65%. Ilepen Te-
CTMPOBAaHUEM C TOMOIIbIO PeOMeETpa
CMech MepeMellnBaiach BpyYHYIO.

poTtop; 3 — mydpTa

(N POVIEIIBHBIE

Puc. 1. VcnbiTaTenbHbll UMAMHAP peo-
metpa RHEOTEST RN 4.1: 1 — namepu-
TeNbHbIN CTakaH; 2 — UWIMHOPUYECKUA

Fig. 1. Testing cylinder of RHEOTEST RN
4.1 rheometer: 17 — graduated vessel;
2 - cylindrical armature; 3 — coupler

for the analysis of the properties of materials.
In this study, the processing of the test re-
sults was performed with Bingham rheological
model. For the analysis of how the additives
affected the shear stress and viscosity of the
cement paste the dependency graphs of shear
stress on shear rate were constructed for dif-
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Puc. 2. 3aB1CUMOCTb KacaTeNbHOr0 HaNPSKEHNS OT CKOPOCTU casura nocne: a — 5 MuH; b — 120 MyH OT Havana CMeLUMBaHUS NpuY pasfndHbIx konndecteax DC-5
Fig. 2. Dependency of shear stress on shear rate: a - 5 min; b — 120 min after the start of mixing at the different amount of DC-5
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Puc. 3. 3aB1McUMOCTb NpenenbHoro HanpsikeHns casura ot konndectsa gobaskm DC-5 nocne: a — 5 MuH; b — 120 MWH OT HavYana CMeLIBaHus
Fig. 3. Dependency of yield value on the amount of DC-5 additive: a - 5 min; b — 120 min after the start of mixing

Peonornueckue cBOCTBa 1IEMEHTHOTO TeCTa OIpe/e-
JISUTUCH B pa3HOe BpeMsI TTOcjIe Havyaia TepeMelIuBaHus —
5, 30, 60, 90, 120 MUH. DKCIIEPUMEHT TIPOBOIMIICS C IT0O-
MOIIIBIO peoMeTpa ¢ KOaKCHaJbHBIMM LUJIUHIPAMU
RHEOTEST RN 4.1 npu TemnepaType 1 BIaXHOCTH, YKa-
3aHHBIMU BHIIIIE.

Hccnenyemasi cMech, TOMeIleHHAs! B MCHBITATEIbHbBIN
mwiuHAp (puc. 1), monBeprasach CABUTY B KOJIBILIEBOM 3a30-
pe MeXIy BpallaloMCS BHYTPEHHUM LIVUIMHIPOM M He-
MOABMXXHBIM Hapy>KHBIM LIWJIMHIPOM.

Peomerp RHEOTEST RN 4.1 ynpasasiercss mocpen-
CTBOM TEPCOHAJIBLHOIO KOMIbIOTEPA, NaHHbIE UCIBbITAHUS
¢ukcupylorcst omnepatopoMm. [lpu 3TOM mporpamMmmMHoe
obecrieyeHne II03BOJIIET 00padaThIBATh IIOJyYeHHBIE pe-
3yJIbTAaThl B COOTBETCTBUU C TOM WJIM UHOW PEOJIOTUYECKON
MOJIEJIbIO, TIoTyJasi rpauKu U auarpaMMbl, HEOOXOAMBbIE
JUISL @aHAJIM3a CBOVICTB MaTepUAJIOB.

B xoze nanHorO MccaenoBaHus Mpu 006padboTKe pe3yib-
TaTOB MCIIBITAHUS OblIa KCITOJb30BaHA pPeOJIOrMyecKasi
Mojenb bunrama. 1151 aHaiu3a Toro, Kak BBeJieHue 100aB-
KU TIOBJIMSUIO HAa HANPSIKEHHWE CABUTA U BA3KOCTD IIEMEHT-
HOI'0 TeCTa, MpeaBapUTEIbHO OBLIM IOCTPOEHHI rpaduKu
3aBUCUMOCTM KacaTeJIbHOTO HAaMpSIKeHWsI OT CKOPOCTH
CIBUTa TpU pa3IndHbIX KoaudectBax DC-5 (puc. 2, a, b).
ATTIpOKCUMAIIUs JaHHBIX Tpa®UKOB ITO3BOJMIIA B HalTbh-
HeWIleM TTOCTPOUTh TpauKu 3aBUCMMOCTH TPEeTbHOTO
HaNpPSKEHUS CABUTA M BA3KOCTH OT KOJIMYECTBA TOOABKHU
DC-5 (puc. 3, a, b; 4, a, b).

CnenyeT OTMETUTh, 4YTO TpaduKHu, MOJOOHBIC IIpel-
CTaBJEHHBIM Ha PUC. 2, ObLIM TaKXe MOCTPOESHBI ISl 1ie-
MeHTHoro Tecta yepe3 30, 60, 90 MUH OT Havajia CMeIlIBa-

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

ferent amounts of DC-5 (Fig. 2, a, b). Data fitting of the
graphs made it possible to construct the dependency graphs
of yield value and viscosity on the amount of DC-5 additive
(Fig. 3, a, b; 4, a, b).

It should be noted that the graphs similar to the ones
shown in Fig. 2 were also constructed for the cement paste
30, 60, 90 minutes after the start of mixing, however, no sig-
nificant differences were detected. That is why this article
presents the graphs only for 5 and 120 minutes after mixing.

The analysis of the graphs (Fig. 2) states that adding more
additives leads to a greater reduction in viscosity of the system
and the reduction in the yield value. It has been found that,
the additive being added at the amount of 0; 0,05; 0,075; 0,1;
0,2;0,4; 0,6; 0,8% from the mass of the binder, the viscosity
isreducedto 0, 5, 12, 23, 35, 35 and 48%, respectively, which
in its turn confirms the plasticizing effect of the additives
based on polycarboxylate.

Besides assessing the rheological characteristics, the study
was conducted on the influence of complex modifier on
physical and mechanical characteristics of heavy concrete of
B25 strength class. The binder used was Portland cement of
CEM 1 32,5B mark produced by Ulyanovsk cement plant
according to GOST 31108—2003; the fine aggregate was river
sand with the fineness modulus of M, =1,89; the coarse ag-
gregate was river gravel of 5—20 mm.

The components of the mixture were mixed in a labora-
tory gravity mixer. Polycarboxylate superplasticizer (SP) and
DC-5 were added to mixing water at the amount of 0,5% from
the mass of Portland cement. W/C ratio was within 0,38.

The data of physical and mechanical tests of heavy con-
crete modified with various additives is shown in Fig. 5.
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Puc. 4. 3aBucnuMocTb BA3KOCTU OT KonnyecTea aobasku DC-5 nocne: a — 5 MuH; b — 120 MUH OT Havyana cMeLnBaHus
Fig. 4. Dependency of viscosity on the amount of DC-5 additive: a — 5 min; b — 120 min after the start of mixing

HUSI, OMHAKO CYIIECTBEHHBIX Pas3inyuii 3a(UKCUPOBAHO 55

He Obuto. MMMeHHO IO3TOMY B paMKaX HAaHHOM CTaThuU 49,9

MpeacTaBlIeHbl rpadUKU JUllb 11 5 1 120 MUH mocJe 1e- S0

peMelBaHus. 51 433

AHanu3 rpaduKoB (pHc. 2) TO3BOJMI YCTAHOBUTD, UYTO o 41,4

YBEJINUEHNE KOJIMYECTBA NOOABKM BENET K CHUXKeHMIO S§ 40 363

BSI3KOCTHM CUCTEMbl M CHUXEHMIO TPEIETbHOTO HANPSXE- &5 45| ‘

Hus casura. [lpm BBemeHuM O0O0ABKM B KOJUYECTBE

0,05; 0,075; 0,1; 0,2; 0,4; 0,6; 0,8% OT Macchl BSIKYIIETO, 30|

BSI3KOCTh CHIKaeTcsa Ha 5, 12, 23, 35, 35 u 48% coorBeTr- »

CTBEHHO, YTO B CBOIO O0YepeIb ITOATBEPXAACT IIaCTU(DUIIN- °r

pyoiuii 3¢ deKT oT MpuMeHeHus 100aBOK Ha OCHOBE TO- 20

JMKAPOOKCHIATA. KoHTp. 0,5% M 0,5% DC-5 0,5% DC-5+3% MK-85
Control 0,5% SP 0,5% DC-5+3% MS-85

Hapsamy ¢ OLiIeHKOIl pPeoJIOTMYECKUX XapaKTePUCTUK
ObLIO IMPOBEACHO MCCIEIOBAHUE BIUSIHUS KOMIUIEKCHOTO
Moaudukaropa Ha (PU3NKO-MEXaHUUECKHUE XapaKTepUCTHU-
KM TSDKeJIoro 6eToHa Kiacca 1o nmpoyHocty B25. B kauecTse
BSIKYILIETO UCITOTh30BAICS TOPTIIAHALIEMEHT YIbTHOBCKOTO
nmeMeHTHOTo 3aBoma Mapku LIEM 1 32,5b coriacHo
I'OCT 31108—2003; Menkwuii 3aIIOJTHUTEIb — IIECOK PEYHOI

Puc. 5. BnusHue no6aBok Ha nokasartenu npoyYHocT 6eToHa B BO3pacTe
28 cyT HOpMasibHOro TBEPAEHUSA

Fig. 5. Influence of additives on the strength value of concrete at the age of
28 days of normal curing

Minor differences in the strength increase for the samples

C MomyJieM KpymHocTH M, ,=1,89; KpymHbI#A 3aN0IHUTEND
— rpaBuii peuHoi ppakuuu 5—20 MM.

KoMIOHeHThl cMecHu TIepeMellnBaiuch B Jlabopa-
TOPHOM CMECUTEJIe TPAaBUTALMOHHOTO AeicTBus. [lomm-
kapOokcwiatHeii rutiepruiactudukarop (I'TT) u DC-5 BBo-
JIUINCH B BOAY 3aTBOpeHUs B Koiamdectse 0,5% OT Macchl

modified with polycarboxylate ether (SE 0,5%) and the car-
bon nanotube samples (DC-5 0,5%) can be explained by
inhomogeneous distribution of nanotubes in the modifier
and their high coagulation during storage. This assumption
can be confirmed by the results of the dispersion analysis
shown in Fig. 6.

nemeHra. I1pu atrom B/Il oTHolIeHMe
Haxoauock B nipenenax 0,38.

HaHHble (PU3MKO-MEXaHUYECKUX 100
WCTIBITAHUM TSKEJIOro GeTOHa, MOIU-
(uMpoBaHHOTO Pa3IUYHBIMKU J00AB-
KaMU, TIpeICTaBIeHBI Ha PUC. 5.

HecymiectBeHHBIE pa3nuyusl B
MPUPOCTE MPOYHOCTHU JIsI 0OpasloB,
MOIUGULIMPOBAHHBIX 3(GUPOM TMOJIM-
kap6okcunata (0,5% I'TT), u o6pa3noB
¢ yriepogHbiMu HaHOTpyOoKamu (0,5%
DC-5) M0OXHO OOBSICHUTH HEOMTHO-
POIHBIM pacrpeneseHueM HaHOTPY-
00K B 00beMe MoaupuKaTopa, UX BbI-
COKOl KoaryJjsilueil B mpoliecce xpa-
HeHus. JlaHHOe TIpeANoJoXKeHUe
TTOITBEPXKIACTCS PE3yTbTaTaMU JUC-
TMepCUOHHOTO aHaJu3a, MpeACTaBICH- .
HBIMU Ha puc. 6. b

s oObsICHEHUSI pe3yJabTaTOB i@
(br3MKO-MeXaHUYECKUX MCIbITAHUI Alf
ObIJIO TIPOBEICHO MCCeTOBAaHWE MUK- L
POCTPYKTYPHI MOAUMPUIIMPOBAHHOTO - }
OeToHa. - —_— -1|f | _:lm"-u.

B o6pasnmax ¢ momupukaropom 004 x (Diameter) / ym
I'll MUKPOCTPYKTypa  BSIXKYIIETO
(puc. 7, a, b) Gonee TIOTHasI, YeM B
KOHTpOJIbHOM obOpasiie (puc. 8, a, b),

in wolume / undarsize

B

A

B

Histogram [x10.0]

Q3 { Cumulative values ) /%

i ey

TR =y

Puc. 6. lncnepcunoHHbliii aHanna pobasku DC-5
Fig. 6. Dispersion analysis of DC-5 additive
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Puc. 7. MrkpocTpykTypa LeMeHTHoro 6eToHa, MoavduumposaHHoro 0,5% IM: a — uronbyatble rymapocuMamkaThl KanbLmvs Ha MOBEPXHOCTW renenonobHo
CTPYKTYpbl; b — pparMeHT MUKPOCTPYKTYPbl MOBbILLEHHOW MAOTHOCTY C 610KMPOBAHHBIMY MAACTUHYATBIMU HOBOOOPA30BaHMSAMU; C — KOHTAKTHAs 30Ha BSXY-
Llee—3anoNHNTeNb (BSXYLLLEEe — BOKPYT LLIeHTPanbHOW YacTu CHUMKA 3anofiHUTens)

Fig. 7. Microstructure of cement concrete modified with 0,5% SP: a — acicular hydrosilicates on the surface of gel-like structure; b — fragment of
microstructure of the increased density with the blocked plate-like new formations, ¢ — contact zone of binder-aggregate (the binder is around the central

part of the image of the aggregate)

Puc. 8. My1KpoCTpyKTypa LLEMEHTHOro GETOHa B KOHTPOMbHBIX 06pasuax: a — OBLLMIA NNaH, BKIIOYAOLWNIA TMAPOKCUA, KanbLmMs Y TMAPOCUNNKATBI KanbLus;
b — dparMeHT MUKPOCTPYKTYPbI C FMAPOCUIMKATAMU KaNlbLIMS; C — KOHTAKTHAs 30Ha BSXYLLEE—3aMOoSIHUTENb (BSXYLLEE — B BEPXHEN YaCT! CHUMKA)

Fig. 8. Microstructure of cement concrete in the control samples: a — general view including calcium hydroxide and calcium hydrosilicates; b — fragment of
microstructure with calcium hydrosilicates; ¢ — contact zone of binder-aggregate (the binder is at the top of the image)

C — dparMeHT MUKPOCTPYKTYPbI C YNJIOTHEHHBIMU HOBOOGPA30BaHWSIMU

Puc. 9. MukpocTpykTypa LeMeHTHoro 6eToHa, MmoanduumpoBaHHoro nobaskoi 0,5 % DC-

[ Yow

1@ un b — vronbyaTble U YNIOTHEHHbIE HOBOOOPA30BaHMs;

Fig. 9. Microstructure of cement concrete modified with 0,5 % DC-5 additive: a and b — needlelike and compressed new formations; ¢ — fragment of

microstructure with compressed new formations

OTMEUYEH POCT HOBOIO TUIA KpUcTaioB. KoHTakTHas 30Ha
BSIKYIllee—3aloJHUTeNb (pUc. 7, ¢) MJIOTHAs, B TO BpeMsi
KakK B cIydyae KOHTPOJIBHOTO 00pasiia TUIOTHOCTh BSIKYIIIETO
(puc. 8, a, b) MeHbIIIe, MEXAY BSKYIIMM U 3alIOJIHUTEIEM
SIBHO BUJTHO OTCJIOCHME IIEMEHTHOTO KaMHS OT 3aITOJTHUTE-
14 (puc. 8, ¢).

Moaudukauus 1eMeHTHOro 6etoHa mo6aBkoit DC-5
MPUBOIUT K (POPMUPOBAHUIO HAPSIAY C UTOJIBYATBIMU HO-
BooOpa3oBaHusiMU (puc. 9, a, b) TUIOTHBIX (parMeHTOB
MUKPOCTPYKTYpPHI (puc. 9, ¢) c pazmepamu oT 3 10 10 MKMm
B TOTIEpEYHNKE, PABHOMEPHO paCIpeeIeHHBIX B 00beMe
LIEMEHTHOro KaMHs. Bo3MoxHO, oHU (pOpMUPYIOTCSI BO-
KPYI' yIJIEPOAHBIX HaHOTPYOOK, KOTOpblE MMEIOT Helo-
cTaToOYHOE nucrneprupoBaHue B gobaBke DC-5 [11].
KonTakTHast 30Ha BIXKYIIlee—3aIlOJIHUTEIh B HCCIIETyEMOM

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

To explain the results of the physical and mechanical
tests the microstructure of the modified concrete has been
studied.

In the samples with SP modifier the microstructure of the
binder (Fig. 7, a, b) is denser than in the control sample
(Fig. 8, a, b), the increase of the growth of new type of crys-
tals can be found. The contact zone of binder-aggregate
(Fig. 7, c) is thick, while in the case of the control sample the
density of the binder (Fig. 8, a, b) is less, between the binder
and the filler there is clear peeling of the set cement from the
aggregate (Fig. §, ¢).

Modification of cement concrete with DC-5 additive
leads to the appearance of needlelike formations
(Fig. 9, a, b) along with the dense fragments of microstruc-
ture (Fig. 9, ¢) of 3 to 10 microns in diameter uniformly

(Y POV EIIBHBIE

44

despans 2015 WMLATERUAILI



Reports of the VII International conference «Nanotechnologies in construction»,

28—30 March, Sharm-el-Sheikh, Egypt

e R

Puc. 10. MukpocTpyKkTypa LleMeHTHOro 6eToHa, MoAMMULIMPOBAHHOIO KOMMIEKCHOM fo6askoit (0,5% DC-5 + 3% MK-85): a u b — MUKPOCTPYKTYpa BSIXY-

a

Lero, yrnioTHEHHas rMAPOCUINKATHEIMU HOBOOOGPA30BaHMSIMU; C — KOHTaKTHasi 30Ha BsXXyLLee—3anonHuUTeNb (3anofHUTENb — B NPaBOW 4aCcTW CHUMKA);
d, e — pparmMeHTbl MUKPOCTPYKTYPbl LLEMEHTHOIO KaMHsi B MecTax 06pa3oBaHns YAJIMHEHHbIX KDUCTAINIOB M’MAPOCUANKATA KasbLIMS MPU Pa3HbIX YBETNYEHN-
ax; f — CTPYKTypa LLeMEeHTHOIr0 KaMH$l B MEeCTax CKOMieHus MukpokpemHesema MK-85

Fig. 10. Microstructure of cement concrete modified with complex additive (0,5% DC-5 + 3% MS-85): a and b — microstructure of binder densified with new
hydrosilicate formations; ¢ — contact zone of binder-aggregator (the aggregator is in the right part of the image); d, e — fragments of microstructure of set
cement in the place of formation of slender calcium hydrosilicate crystals at different magnification; f — structure of set cement in the places of

MS-85microsilica accumulation

OeToHe TIIOTHas, 0e3 ycamouyHbIX MUKpoTpeluH. [liot-
HOCTb 3TOI 30HBI HE OTJIMYAETCS OT KOHTAKTHOM 30HBI BSI-
Kylllee—3anoJHUTENIb 0eToHa, MonuduipoBanHoro 0,5%
I'Tl, npuBeaeHHO# Ha puc. 7, c.

Hcnonb3oBaHre KOMILJIEKCHOW N00aBKM, BKIIIOYAIO-
et Hapsny ¢ 0,5% DC-5 MukpokpeMHe3eM B KOJTUYe-
ctBe 3% OT MacChl MOPTIAHAIIEMEeHTA, TIPUBOIUT K YILIOT-
HEHMIO KPUCTAJUTUIECKON CTPYKTYPHI TUIPOCHINKATHBI-
MU HoBooGpasoBaHusmu (puc. 10, a, b), Takke obecne-
YUBAETCS TJIOTHBIM KOHTAKT MEXIY BSIKYIIMM U 3aroJi-
nuteneM (puc. 10, ¢). ®opMupoBaHUe TaKOW CTPYKTYPHI
MIPUBOAUT K CYIIECTBEHHOMY IOBBIIIEHUIO KaK MPOYHO-
CTU LIEMEHTHOU MaTPUIIBI B COCTaBe OETOHA, TaK U MPOU-
HOCTM MOAU(PUIMPOBAHHOIO OETOHAa B ILEJIOM.
MuKpocTpyKTypa LIeMEHTHOTO KaMHsI HeogHopoaHas. B
OTAENbHBIX €€ MecTaX HaxomsITcs
CKOIUIEHUs] YAJIMHEHHBIX MIoJibya-
ThIX KpuctajiioB (puc. 10, d), dpar-
MEHTBI KOTOPBIX TIpUBEICHBI Ha
(puc. 10, e, f). Bo3aM0oXHO, TpUINHOM
HEOJHOPOAHOCTU CTPYKTYPHI Iie-
MEHTHOTO KaMHSI SIBJISIETCS] HEPABHO-
MepHOe pacrpejieieHUe B BSDKYILEM
MUKpPOKpEMHE3eMa M HaHOTPYyOOK.
MuKpoKpeMHe3eM BBI3BIBACT 0OOTa- ¢
IMeHue MaTepuana TUOPOCUIIUKAT-
HBIMU HOBOOOPA30BaHUSIMM B MeCTaxX
CKOIUJIEHUS YacTull 3TOi N00aBKH, a
HaAHOTPYOKM SIBJISIIOTCSI LIEHTpaMU
KPUCTANIU3AUUU U YCKOPUTEISIMU
TUApaTallud CUJIUKATOB Kbl W
CTUMYJISIIUA POCTa KPUCTAJUIOB TH-
JNPOCUJIUKATOB KaJIbIIUSI.

AunddepeHIINaTbHO-TePMUYECKUI
aHaJIu3 LIEMEHTHOM MaTpuIIbl TOKa3aJl
MOBBIIIEHNE WHTEHCUBHOCTU DHIO-

577,5°C

834°C

3% MK-85)

(Y PONIENBHBIES

o>

distributed in the set cement. Probably, they are formed
around carbon nanotubes, which have insufficient disper-
sion of DC-5 additive [11]. The contact zone of binder-
aggregate in this concrete is dense, without shrinkage mi-
crocracks. The density of this area does not differ from the
contact zone of binder — aggregate of the concrete modi-
fied with SP 0,5% shown in Fig. 7, c.

Using the complex additive with 0,5% DC-5 and micro-
silica at the amount of 3% from the mass of Portland cement
leads to the compaction of the crystalline structure due to
new hydrosilicate formations (Fig. 10, a, b) and also ensures
a sealing contact between the binder and the aggregate
(Fig. 10, ¢). The formation of such structure leads to a sig-
nificant increase both in the strength of the cement matrix in
the concrete composition and the concrete strength of the

498°C
500,5°C

577,5°C 577,5°C

577,5°C

o 819°C
836,5°C 839°C

Puc. 11. Kpusble ICK n TI" LieMeHTHOM MaTpuLibl B KOHTPONLHOM obpasLe (a, e) n obpasuax, Moam-
duumpoBaHHsbIx: (b, f) - 0,5% IMT; (¢, g) — 0,5% DC-5; (d, h) — komnnekcHol pnobaeskoii (0,5% DC-5 +

Fig. 11. Curves of DSC and TG of cement matrix in the check sample (a, e) and the modified samples:
(b, f) with 0,5% SP; (c, g) with 0,5% DC-5; (d, h) with complex additive (0,5% DC-5 + 3% MS-85)
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Puc. 12. VIK-cnekTpbl LEMEHTHOI MaTpULbl B KOHTPOLHOM 06pasLe (a) u obpasuax, MoanduumpoBaHHbix: b — 0,5% DC-5, ¢ — koMnnekcHol 4o6aBKkon

(0,5% DC-5 + 3% MK-85)

Fig. 12. IR spectra of cement matrix in the check sample (a) and the samples modified with: b — 0,5% DC-5; ¢ — complex additive (0,5% DC-5 + 3% MS-85)

TepMuueckuXx 3ddekToB B obsactu temneparypbl 500°C
IIpY BBeJAeHUU rurepruiactudukaropa (puc. 11, b, ¢) u go-
6aBku DC-5 B cpaBHEHMU C KOHTPOJIbBHBIM 00pa3liom
(puc. 11, a), 9yTo roBOopUT 00 yBeJIMUYEHUU OOBEMA TUAPO-
KCHUIa KaJbIIWs U YCKOPEHUH TUApaTaIluy OPTIaHIIeMeH-
Ta B TBepaelolleM OeToHe. B To Xe BpeMsI MCITOJIb30BaHNE
KoMIuiekcHoi mo6aBku (DC-5 ¢ 3% MHMKpOKpeMHe3ema)
MPUBOAUT K CHUXKEHUIO MHTEHCUBHOCTH 9HIOTEPMUUYECKO-
ro a(dekTa 3a cueT CBA3bIBAHUS TUAPOKCUIA KATBLIMS MU-
KpoKpeMmHe3eMoM (puc. 11, d), 4To MoATBEpPXKIEHO TaKxXe
HCCIIeTOBAaHUSIMU MUKPOCTPYKTYpHI (puc. 10, b). [Tpu sTom
MOXHO TOBOPUTH, YTO 00pa3yIoIne THIAPOCUIUKATHl KaJlb-
LIMST OTJIMYAIOTCSI pa3HOM OCHOBHOCTbBIO, TaK KakK TemIepa-
Typa dHI0TepMUYecKOoro 3¢deKra, COOTBETCTBYIOIIAS 1e-
TrUApaTaluy TMAPOCUIMKaTa Kaablus (puc. 11, 4), y obpas-
11a ¢ KOMILUIEKCHOM 100aBKOIi CMelaeTcsi B CTOPOHY OoJiee
HU3KOU Temrepatypsl, ¢ 839 mo 819°C. Kpome Toro, otme-
YeHO TIOBBILIEHNEe WHTEHCUBHOCTU SHIOTEPMUYECKUX -
(beKTOB, COOTBETCTBYIOIIMX AerMApaTallMi TUAPOCUIU-
KaToB KaJblMs y o0OpasloB € TUMEPIUIacTUDUKATOPOM
(puc. 11, f) u no6askoit DC-5 (puc. 11, g), 4TO, BEepOSITHO,
00YCJIOBJIEHO YBEeJIMUEHUEM 00beMa I'MIPOCUTUKATOB Kalb-
1M 3a cUeT O60Jiee MHTEHCUBHOTO CBSI3bIBAHUS TUAPOKCHIA
KaJIbIIHSI.

WUK-cnexTpalbHbIA aHaIM3 KOHTPOJBHOTO OOpasua
(puc. 12, a) u o6pa3uoB, MOIUGUIIMPOBAHHBIX 10OaBKOM
0,5% DC-5 (puc. 12, b) u KoMIuieKcHO# mo6aBKoit (0,5%
DC-5 + 3% MK-85) (puc. 12, ¢), moATBepANIN UHTEHCH-
(ukanuio rugpatalliu MOPTIAHALIEMEHTa ¢ (hOPMUPOBa-
HHUEM JOTOJHUTEJIBHOTO 00beMa THIPOCUIMKATOB Kallb-
uusl (yBeJIUYeHWe WHTEHCUBHOCTM JIMHUM TOTJIONICHUS
1085 1 1089 cm™!'). O6pasoBaHUE TMAPOCUIMKATOB Kalb-
1I1sl pa3HOW OCHOBHOCTM TaKXKe MOJATBEPXIAETCS MPOSIB-
JIEHUEM JOTIONHUTEIbHOM TuHUK Toromenust 1033 cm™!
(puc. 12, c).

Takum o0pa3zoM, B X01e HaHHOTO MCCIAEAOBAHUS OBLIO
YCTaHOBJIEHO, uyTo MoaudukaTop DC-5 Ha ocHOBe MOJau-
Kapbokcuiata obafgaeT CyluiecTBeHHbIM TU1acTU(hULIUPYIO-
UM 3(PEHEKTOM — CHUKEHUEM BSI3KOCTH LIEMEHTHOTO Te-
crta Ha 48%. [puMeHeHME 3TOI JOOABKM MHTEHCU(DULIMPY-
€T TUApATaIIo MOPTIAHAIIEMEHTA, YIUIOTHEHNE CTPYKTYPbI
IIEMEHTHOM MaTpUIIbl B OETOHE, CIIOCOOCTBYSI TEM CaMbIM
MOBBIIIEHUIO TTPOYHOCTH IIEMEHTHOTO OETOHA.

Hanuuue MHOTrOCIONHBIX YIJIEPOAHBIX HAHOTPYOOK B
coctaBe 106aBku DC-5 crmocoOCTBYyeT JiydilieMy yIIOTHEe-
HUIO CTPYKTYpbl LIEMEHTHOIo OeTOHAa, OJHAaKO HeIoCTa-

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

modified concrete in general. The microstructure of the set
cement is heterogeneous. In some places there are some clus-
ters of slender needlelike crystals (Fig. 10, d) the fragments of
which are shown in (Fig. 10, e, f). Probably, the cause of the
heterogeneity of the structure of set cement is uneven distri-
bution of microsilica and nanotubes in the binder. Microsilica
enriches the material with new hydrosilicate formation in
places where the additive particles are accumulated and
nanotubes are the centers of crystallization and accelerators
of hydration of calcium silicates and stimulate the growth of
calcium hydrosilicate crystals.

Differential thermal analysis of the cement matrix showed
the increased intensity of endothermic effects in the tempera-
ture range of 500°C, superplasticizer (Fig. 11, b, ¢) and DC-5
additive being added, in comparison with the check sample
(Fig. 11, a), which indicates an increase of calcium hydroxide
and accelerating of the hydration of Portland cement in the
curing concrete. At the same time, using complex additives
(DC-5 with 3% microsilica) leads to the decrease in the in-
tensity of the endothermic effect due to binding calcium hy-
droxide with microsilica (Fig. 11, d), which is also confirmed
by the studies of the microstructure (Fig. 10, b). It is possible
to say that the formative calcium hydrosilicates are of varying
basicity, as the temperature of the endothermic effect corre-
sponding to dehydration of calcium silicate (Fig. 11, A), for
the sample with the complex additive shifts to the lower tem-
perature from 839 to 819°C. Besides, the increase has been
found in the intensity of endothermic effects corresponding
to the dehydration of calcium hydrosilicates for the samples
with superplasticizer (Fig. 11, f) and DC-5 additive
(Fig. 11, g), which is probably connected with the increase of
calcium hydrosilicates due to more intense binding of calci-
um hydroxide .

IR spectroscopy analysis of the check sample (Fig. 12, a)
and the samples modified with 0,5% of DC-5 additive
(Fig. 12, b) and the complex additive (0,5% DC-5 + 3% MS-
85) (Fig. 12, ¢) confirmed the intensification of the hydration
of Portland cement with the formation of additional calcium
hydrosilicates (the increase in the intensity of the absorption
lines is 1085 and 1089 cm™'). The formation of calcium hy-
drosilicates of different basicity is also confirmed by the ap-
pearance of the additional absorption line 1033 cm’!
(Fig. 12, ¢).

Thus, this study has found that DC-5 modifier based on
polycarboxylate has a significant plasticizing effect of reduc-
ing the viscosity of cement paste by 48%. Using this additive
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TOYHOE IUCIEPrupoBaHME HAHOTPYOOK B cpelae KapOo-
KcuiaTa U HEOJHOPOJHOCTh UX paclpesiesieHUsl B COCTaBe
LIEMEHTHON MaTpMIbl CHUXAOT UX 3GGOEKTUBHOCTD.
[IpyMeHeHre KOMITJIEKCHOW N00aBKU, BKJIOYAOLIEH Ha-
psany ¢ DC-5 mukpokpemuezeM MK-85, mpuBogut K m0-
MMOJIHUTEJIbHOMY YIIJIOTHEHUIO CTPYKTYPHI LIEMEHTHOM Ma-
TPULBI TUAPOCUJIMKATAMU KaJblMs, yjaydlllas NMpU 3TOM
MeXaHUYecKue TokKa3aTeau MOAU(PUUMPOBAHHOTO I1ie-
MEHTHOTO GeTOHa.
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JIOBaHME BIUSTHUS CYTIEP- Y TUTIEPIUTACTU(UKATOPOB Ha
OCHOBHBIE CBOWCTBa LIEMEHTHOTO Tecta // H3zeecmus
KTACY. 2013. Ne 2 (24). C. 221-225.

7. Ilyxapenko }O.B., CraposepoB B.Jl. Ponbp KomIuiekc-
HBIX 100ABOK B TOJYYEHUU AOJITOBEYHBIX LIEMEHTHBIX
KOMII03UTOB // Hayunwiii saexmponnsiii apxue (http://
econf.rae.ru/article/6987 nara obpamenus 10.01.2015).

8. Husuna T.A., KouerkoB C.H., IloHomape A.H.,
KoseeB A.A. BimsHne HaHOMOIM(PUIIMPOBAHHBIX I10-
JIMKApOOKCHWJIATHBIX IUIACTA(UKATOPOB Ha IIPOYHOCT-
Hble U DPEOJIOTUYECKHE XapaKTEePUCTUKU LIEMEHTHBIX
koMmI1o3utoB // Cbopruk me3ucos V exnceco0noil KoHpe-
penyuu  Hanomexuonoeuueckoeo obuecmea Poccuu.
Mockga. 2013. C. 145—148.

9. Kucku C.C., Arees U.B., [lonomaper A.H., Koze-
eB AA., IOnosnu M.E.. MccnenoBanue BO3MOXKHOCTH
MoIudUKau KapOOKCUIATHBIX ILIacCTU(PUKATOPOB B
cocTaBe MOAUMDUIIMPOBAHHBIX MEJIKO3EPHUCTHIX OETOH-
HBIX cMmeceit // Huocenepno-cmpoumenvuulil dcypHan.
2012. No 8 (34). C. 42—46.

10. Jlenenes B.B., fpues B.I1., CtpyneB C.A., OnHojb-
ko B.I'. Baiusaue HaHOMomupUKaunyu Ha IPOYHOCTh U
MOIBVKHOCTD LIEMEHTHBIX O€TOHOB 1 pa3paboTKa IMeHO-
HaHOOeTOHa // Bonpocet coepemennoil Hayku u npakmiu-
ku.2012. Ne 37 (1). C. 24-29.

11. WO 2014/080144A1. Procede de preparation d'un melange
maitre a base de nanocharges carbonees et de superplastifiant,
et son utilisation dans des systemes inorganiques durcissables
/ Korzhenko A., Nincendeau Ch., Lushnikova A.,
Yakovlev G.I., Pervushin G.N. Declared 25.11.2013.
Published 30.05.2014.

intensifies the hydration of Portland cement, the compaction
of cement matrix in concrete, thereby, contributing to the
increase in the strength of concrete.

The presence of multi-walled carbon nanotubes in DC-5
additive contributes to better compaction of the concrete
structures, but insufficient dispersing of nanotubes in the
carboxylate medium and the heterogeneity of their distribu-
tion in the cement matrix reduce their effectiveness.

Using the complex additive with DC-5 and MS-85 mi-
crosilica results in additional compaction of the cement ma-
trix structure with calcium hydrosilicates, thus improving the
mechanical properties of the modified concrete.
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Hudopmanna

JucnouexTp B Mockpe nofieen HTorn pagoui 3a 2014 .

B KoHue siHBapsa 2015 r. cocTosinack BCTpeya pykoBoacTea TOproso-
npoMbiweHHoi nanatel P® 1 3A0 «3KCNOLEHTP» C XXypHanucTamu,
NOCBALLEHHAA MTOram paboTbl KOMNAHWM B MUHYBLUEM TOAY W OCHOB-
HbIM HanpasneHusam geatenbHocTn B 2015 r. Bo BCTpeye NpuHANM yya-
cTue Buue-npeangeHT TMNM PO B.MN. CTpallko v reHepanbHbIii AUPEKTop
3A0 «3kcnoueHTtp» C.C. beaHos.

B 2014 r. 3kcnoueHTp oTMeTUN 55-neTne 1 03HaMeHoBan CBOI HO6U-
nein BECOMbIMM pe3ynbratamn. Komnanusa cMorna yaepxatb niaHky nuge-
pa U He TONbKO COXPaHWNa BbICOKWE MOKa3aTenm BCEX OCHOBHbIX
BbICTABOYHO-KOHIPECCHbIX MPOEKTOB, HO M A06unacb Ux AanbHeillero
pas3sutus. B BbicTaBo4HOM Komnekce npoluna 91 BoicTaBka U 834 KOH-
FPECCHbIX COOLITUA. B HUX NpuHanu y4actne 29400 koMnaHuin N3 pasnuy-
HbIX CTPAaH Munpa u U3 BCexX PermoHoB Poccun. Mocetutensamu BbICTaBOK U
KOHIPECCHbIX MeponpuaTuin ctanu okono 1,7 mnH 4yenosek. Hekotopoe
COKpaLleHne 06LLero Yucna BbICTaBOK No cpasHeHuto ¢ 2013 r. npounso-
LLJIO 3a CYET roCTeBbIX CMOTPOB, B TO BPEMS KaK YMCII0 COOCTBEHHbIX Bbl-
CTaBOK BbIpocno. [loxoabl komnaHuu 3a 2014 r. Ha 11% npeBbicunn No-
Kasarenm conocTaBMMOro no BbICTaBOYHOI nporpamme 2012 r.

MuHyBWMIA rog B JKCMNOLEHTPE Obll OTMEYeH HOBLIMU MPOEKTamMn W
NepcrneKTMBHbIMU  HauynMHaHuamu. [Mpembepoirt ctan MexayHaponHbIi
3neKTpo-aHepreTuyeckuin dopym RuGrids-Electro, opranusoBaHHbiii OAQ
«Poccetn». kcnoueHTp 1 OAOQ «PocceT» NpofosmKar COTPYAHUYECTBO N0
NPOBELEHNI0 31IeKTPOaHepreTnyeckoro popyma B 2015 1 2016 rr.

OKCNOLEHTP TaKXe 3aKH4MA cornalleHne ¢ komnaxuei Energy of
Global Solutions o0 B3aumofeicTBIM B NOArOTOBKE 1 OPraHN3auiy Haumo-
HanbHbIX HedTerazoBbix hopymoB. [lepBoe COBMECTHOE MeponpusTue —
Il HaumoHanbHbI HedTerazosbln hopym coctoutcs B mapte 2015 T.

[poBefieHne BbICTaBOYHbIX CMOTPOB NO3BONSAET Hanbonee apdexkTns-
HO pewatb Npo6nemy UMNOPTO3aAMELLEHNS B 3KOHOMUKE B MEPBYIO 04e-
pefb MyTeM NPeAoCTaBNEHWS BbICTABOYHbIX MIOLAA0K NPEAnpUATUsAM,
Npou3BOAALMM  MMMOPTO3aMeLlaowlyo npoaykumio. [na  aTtoro
9KCNoLEHTp npejnonaraeT co3fatb pag npedepeHumnii Takum npeanpus-
TMAM, OCOGEHHO KOMNAHWAM Manoro W cpefHero 6u3Heca.
MHoroo6eLLatoLmm npuMepoM CTano COTPYLHMYECTBO JKCMOLEHTpa C
[BY «Manbiin 6u3Hec MockBbI», KOTOPOE MO3BOSNSIO 3HAYUTENBHO YBENU-
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MOCHBA
YUTb NPUCYTCTBUE NPEANPUATUIA MANOro U CpefHero 63Heca Ha BbICTaB-
Kax 3a cyet cybeuamnin MNpasutenbcrea MockBbl.

OfHako cKnagblBalOLLAsACs 3KOHOMUYECKas CUTyauus B Mupe U B
Poccuu BbizoBeT B 2015 1. onpefieneHHbIN cnag 06beMOB HEKOTOPbIX Bbl-
CTaBOK, KOTOPbI No nporHo3am 3A0 «3KCMOLEHTP» He npeBbicuT 20%. He
LOMYCTUTb KPUTUYECKOTO COKPALLEHNS BbICTABOYHBIX MPOEKTOB U3-3a He-
raTWBHBIX BHELUHE3KOHOMUNYECKNX (DakTOpOB MpeanonaraeTcs, B 4acTHO-
CTU, 32 CYET CBOE06PA3HOro MMNOPTO3aMELLEHNSA, KOTAA YXO4 HEKOTOPbIX
MNHOCTPAHHbIX Y4aCTHUKOB OGY[eT KOMMEHCMPOBATLCS YBEIMYEHWEM YKcna
0TEYeCTBEHHbIX 9KCMIOHEHTOB.

Pacwupsertca reorpadus B3aWMOAENCTBMA C 3KCMOHEHTaMMU W3
JlatuHckon Amepuku, FOro-Bocto4Hoin A3um 1 ap., HO Hapagy ¢ 3TUM Npo-
LOJDKMTCS B3aMMOBBLITOAHOE COTPYAHUYECTBO C TPAAMLMOHHBIMM €BPO-
neickuMm napTHepamu, Takumum kak @pankdypt Mecce, Mecce
Hwoccenbgopd, ITE u gp., KoTopble 6yAyT NPOBOAUTL CBOW BbICTABOYHbIE
MEepOonpuUATAA B LIEHTPASIbHOM BbICTABOYHOM KOMMEKCE «3IKCMOLEHTP».

He cekpeT, 4T0 IKCMOLEHTP ABNAETCA DlarMaHOM BbICTABOYHOI WH-
nyctpum Poccuiickon defepaumm 3a cHeT NOMCKa HOBbIX HanpaBneHWi,
BbICTaBOK, (hOPM paboThl. [epBbiM IKCNOLEHTP NOAHSAN Npo6siemMy 60pb-
6bl C KOHTPAhaKTOM, YTO YPEe3BbIYANHO BAXHO AN NOALEPXKM OTeye-
CTBEHHOIO MPOW3BOAMTENS, MOBBLILEHNS KOHKYPEHTOCMOCOOHOCTM ero
npoayKuum.

B 2015 r. 3A0 «3KcnoueHTp» MPOLOMKNAT paboTy MO COBEPLLEHCTBO-
BaHWIO CBOMX BPEHO0BbLIX BbICTABOYHO-KOHTPECCHBIX (DOPYMOB, Pa3BUTUIO
HOBbIX MPOEKTOB C Y4ETOM NPUOPUTETHBIX COLMANBHO-IKOHOMUYECKUX 32-
[la4, CTOALMX CEerofHs mepesd CTpaHoi. B nnaHax KOMMaHUM Takxe pas-
BUTME 3apy6exHOi BbICTABOYHON AEATENbHOCTM W yvacTue B rocyfap-
CTBEHHbIX KOHKYpCax Ha MpaBo MPOBEAEHWS POCCUIACKWNX 3KCMO3WNLMIA 3a
py6exxom.

Cnenya paHee n36paHHow cTpaterun, 3A0 «3KcnoueHTp» 6yaeT u
fanee OPUEHTUPOBATLCA MPEXAe BCEr0 Ha WHTEPEChbl CBOUX KIIMEHTOB,
aKTWBHO pa3BuBaTb COTPYOHUYECTBO C POCCUMACKUMU W 3apyOEXHbIMU
napTHepamu.

Mpecc-cnyx6a 3A0 «3KcnoueHTp»

WanW3npoBaHHanA BbICTaBKa

Mecro npoaegennn: © Hsesce yn Kooneparnssas, 9

3afipowisposats cren Momho no Ten, (3413) 730-750
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